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Summary
Objective:  Vibrio  cholerae  (V.  cholerae)  is  the  etiological  agent  of  epidemic  cholera.
In  recent  years,  cholera  has  become  endemic  in  different  regions  of  the  world.
Traditional  culture  and  microscopic  methods  are  considered  the  standard  for  the
diagnosis  of  V.  cholerae.  However,  these  methods  require  days  for  conﬁrmation.
Therefore,  molecular  methods  that  may  be  used  for  the  sensitive,  accurate,  and
rapid  analysis  of  V.  cholerae  are  urgently  needed.
Materials  and  methods:  In  the  present  investigation,  a multiplex  PCR  assay  was
developed  for  the  detection  of  virulence-  and  toxigenic-associated  (VTA)  genes
(ctxA,  tcpA  and  ompW). To  evaluate  PCR  speciﬁcity,  other  bacteria  from  the  Enter-
obacteriaceae  family  (Salmonella  typhi, Shigella  dysenteriae, and  enterotoxigenic
Escherichia  coli) and  Aeromonas  hydrophila  were  examined.  The  assay  sensitivity
was  evaluated  using  colony  counting  and  genome  dilution  methods.
Result:  Our  results  showed  that  this  PCR-based  method  represents  an  ideal  tool
for  the  rapid  detection  of  VTA  genes  due  to  its  simplicity,  cost  effectiveness,  and
accuracy.
This  multiplex  PCR  method  can  be  used  to  determine  the  presence  of  VTA  genes
and  can  therefore  distinguish  V.  cholerae  bacteria  from  other  Vibrio  species  and
bacteria.  This  method  can  detect  10—100  CFU  V.  cholerae  and  8.5—85  pg  genomic
DNA.
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Discussion:  This  multiplex  PCR  method  has  higher  sensitivity  and  speciﬁcity  than  other
methods.
The  proposed  test  provides  an  appropriate  and  sensitive  tool  for  detecting  the  pres-
ence  of  toxigenic  and  pathogenic  V.  cholerae.
dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
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Introduction
Diarrheal  diseases  are  one  of  the  greatest  health-
care problems  in  the  world.  Cholera  is  one  of
the most  serious  diarrheal  diseases,  the  epidemic
form  of  which  is  caused  by  Vibrio  cholerae  O1  or
O139 serogroups  [1].  Among  the  virulence  factors
of V.  cholerae,  cholera  toxin  and  toxin-coregulated
pilus, encoded  by  the  ctxAB  and  tcpA  genes,  respec-
tively, play  primary  roles  in  pathogenesis  [2,3].
Neither  ctxA  nor  tcpA  is  commonly  expressed  in
environmental  strains  [4].  In  V.  cholerae  serogroups
O1  and  O139,  the  expression  of  these  genes  is  crit-
ical for  pathogenicity  [5—7].
Biochemical  methods  for  detecting  V.  cholerae
are time-consuming.  Between  2  and  7  days  are
required  to  conﬁrm  the  diagnosis  of  V.  cholerae.
Cholera  detection  requires  a  rapid  test,  and  time
is a  critical  factor  in  determining  the  usefulness
of any  detection  method.  Moreover,  expert  tech-
nicians are  required  to  process  these  tests,  but
such expertise  is  not  available  in  all  laboratories
[8]. Therefore,  ease  of  use  and  speed  are  impor-
tant factors  in  creating  a  novel  detection  method.
PCR-based  detection  tests  are  fast  and  sensitive
techniques for  primary  diagnoses  and  pathogenic-
ity control  in  which  biotype-speciﬁc  genes,  such  as
ctxA and  tcpA,  are  used  to  identify  the  presence  of
V. cholerae.
The  aim  of  this  study  was  to  develop  an  assay  for
the rapid  detection  of  pathogenic  and  toxigenic  V.
cholerae bacteria.
To develop  a  standard,  accurate,  and  rapid
method for  the  detection  of  V.  cholerae, we
designed a  multiplex  PCR  method  to  detect  the
ctxA, tcpA,  and  ompW  genes.
Materials and methods
Bacterial strainsV.  cholerae  O1  and  non-O1  stains,  Salmonella  typhi,
Shigella dysenteriae,  Aeromonas  hydrophila  and
enterotoxigenic  Escherichia  coli  (ETEC)  were  pro-
vided by  the  Bu-Ali  reference  laboratory  in  Iran.
S
T
cNA extraction
ll  strains  were  cultured  in  peptone  soy  broth
nd incubated  at  37 ◦C  overnight.  Then,  genomic
NA was  extracted  with  a DNA  pure  extraction  kit
Bioneer, South  Korea)  according  to  the  manufac-
urer’s recommendations.
arget sequences and primers
n  this  study,  three  target  sequences  encod-
ng cholera  toxin  (ctxAB),  toxin-coregulated  pilus
tcpA) and  outer  membrane  protein  W  (ompW)  were
hosen (NC-012583,  NC-009457,  and  NC-012583,
espectively). The  primer  sequences  are  shown  in
able 1.
CR ampliﬁcation for  uniplex and multiplex
ssays
hree  uniplex  PCR  assays  were  performed  in  50  L
olumes consisting  of  20  mM  Tris—HCl  (pH  8.4),
 unit  of  Platinum  Taq  DNA  Polymerase  (Invitrogen,
arlsbad, CA,  USA),  0.2  mM  each  of  dATP,  dCTP,
GTP  and  dTTP  (Invitrogen,  Carlsbad,  CA,  USA),
 mM  MgCl2,  25  pmol  of  each  primer  and  50  ng  of
NA template.  Multiplex  PCRs  were  performed  by
ombining the  primers  for  all  three  genes  in  the
ame PCR  mixture.  The  thermocycling  conditions
onsisted of  an  initial  denaturation  at  94 ◦C  for
 min  followed  by  35  cycles  of  1  min  denaturation
t 94 ◦C,  1 min  annealing  at  50 ◦C  and  1  min  exten-
ion at  72 ◦C.  A  ﬁnal  extension  was  performed  at
2 ◦C  for  5 min.
peciﬁcity test
o  assess  the  speciﬁcity  of  the  designed  primers,
enomic DNA  samples  from  V.  cholerae  serotypes
naba and  non-O1,  ETEC,  S.  typhi,  Sh.  dysenteriae,
nd A.  hydrophila  were  used  as  template  DNA  forensitivity test
o  determine  the  assay  sensitivity,  a sample  of  V.
holerae genomic  DNA  was  serially  diluted  from
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Table  1
Target  genes  Nucleotide  sequences  5′-3′ Amplicon  size  (bp)  Source
ctxA  -F GGTCTTATGCCAGAGGACAG  219  Original
ctxA-R  GTTGGGTGCAGTGGCTATAAC
tcpA-F  ATTCTTGGTGATCTCATGATAAGG  295  Original
tcpA-R TTAATTCACCACAAATATCTGCC
ompW  -F CACCAAGAAGGTGACTTTATTGTG 588  Original
ompW  -R GAACTTATAACCACCCGCG
100  ng  to  10  pg,  and  PCR  was  performed  with  each
dilution.
Results
PCR of ctxA, tcpA and ompW genes
The  ctxA,  tcpA  and  ompW  genes  were  ampliﬁed
from the  genomic  DNA  of  V.  cholerae  O1  and  non-
O1 serogroups.  The  amplicons  produced  by  the
V. cholerae  O1  ctxA,  tcpA  and  ompW  genes  were
219 bp,  295  bp,  and  558  bp,  respectively.  Only  the
ompW gene  was  ampliﬁed  from  the  V.  cholerae  non-
O1 genomic  DNA  (Fig.  1).
Speciﬁcity test for the ctxA, tcpA and
ompW genes
To  conﬁrm  the  speciﬁcity  of  the  designed  primers,
the genomic  DNA  of  S.  typhi,  Sh.  dysenteriae, A.
Figure  1  PCR  (uniplex,  duplex  and  triplex)  of  V.  cholerae
O1  and  non-O1.  Lane  1  (100  bp  ladder),  lane  2  (ctxA
amplicon,  219  bp),  lane3  (tcpA  amplicon,  295  bp),  lane  4
(ompW  amplicon  of  O1  serotype,  588  bp),  lane  5  (ompW
amplicon  of  non-O1  serotype,  588  bp),  lane  6  (duplex  PCR
for  ctxA  and  tcpA),  lane  7  (duplex  PCR  for  ompW and
tcpA),  lane  8  (duplex  PCR  for  ctxA  and  ompW), lane  9
(triplex  PCR  for  tcpA,  ompW and  ctxA  of  V.  cholerae  O1),
and  lane  10  (triplex  PCR  for  tcpA,  ompW and  ctxA  of  V.
cholerae  non-O1).
hydrophila  and  ETEC  was  used  as  the  template  DNA
in PCR  assays.  The  results  showed  that  the  designed
primers  were  speciﬁc  to  the  V.  cholerae  genes,  and
no amplicons  (as  detected  by  gel  electrophoresis)
were generated  from  the  other  species.
Sensitivity test for the ctxA, tcpA and
ompW genes
Because  the  infective  dose  of  V.  cholerae  is  approx-
imately  108, it  is  important  that  the  PCR  assay
be sensitive  in  this  range.  Therefore,  the  genomic
DNA of  V.  cholerae  O1  was  extracted  and  diluted
from 100  ng  to  10  pg.  Then,  PCR  was  performed  for
each concentration.  The  minimum  concentration  of
genomic DNA  for  which  the  ctxA,  tcpA  and  ompW
genes  were  detected  was  8.5,  85  and  85  pg,  respec-
tively. Additionally,  the  ompW  gene  was  detected
in 14  pg  diluted  V.  cholerae  non-O1  genomic  DNA
(Fig. 2).
Triplex PCR of V. cholerae O1 and non-O1
serogroups
When  all  three  set  of  primers  and  V.  cholerae  O1
genomic DNA  were  used  in  a  single  PCR,  the  ctxA,
Figure  2  Sensitivity  test  of  triplex  PCR  of  V.  cholerae
O1.  Lane  1  (100  bp  ladder),  lane  2  (1/10  dilution),  lane
3  (1/100  dilution),  lane  4  (1/1000  dilution),  lane  5
(1/10,000  dilution),  and  lane  6  (1/100,000  dilution).
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tcpA  and  ompW  genes  were  ampliﬁed.  The  ampli-
cons were  219,  295  and  588  bp  for  the  ctxA,  tcpA
and ompW  genes,  respectively  (Fig.  1).  The  same
triplex  PCR  was  performed  to  detect  the  three
genes in  V.  cholerae  non-O1,  in  which  only  a  588  bp
amplicon corresponding  to  the  ompW  gene  was  pro-
duced.
Discussion
The  microbiological  methods  currently  used  for  the
detection  of  V.  cholerae  have  some  disadvantages.
Methods  based  on  nucleic  acids  have  been  used,
such as  PCR  and  hybridization,  and  they  have  sim-
pliﬁed the  detection  of  bacteria.  However,  rapid
and speciﬁc  diagnostic  methods  for  detecting  V.
cholerae bacteria  still  need  to  be  developed.
Toxin-coregulated  pilus  is  required  for  the  colo-
nization  of  the  intestine  by  V.  cholerae,  and  it  is  a
main regulator  of  the  ctxA  gene  [9].
An  important  and  typical  gene  used  for  the
detection of  toxigenic  V.  cholerae  is  ctxA  [10,11].
Nandi  designed  rapid  detection  methods  based
on the  ompW  and  toxR  genes.  Of  254  V.  cholerae
samples analyzed,  229  and  239  samples  contained
ompW and  toxR,  respectively.  That  study  was
performed  with  O1,  O139,  non-O1  and  non-O139
serogroups, but  other  Vibrio  species  were  not  stud-
ied [12].  In that  study,  similar  to  our  study,  the
amplicon  of  the  ompW  gene  was  588  bp,  but  our
study  used  ctxA  rather  than  toxR  for  the  diagnosis
of toxigenic  V.  cholerae.
Panickar applied  DNA  microarrays  and  multiplex
PCR for  the  detection  of  pathogenic  V.  cholerae.
In  that  study,  10  genes  were  used  to  detect  the
Vibrio family.  For  Vibrio  vulniﬁcus, speciﬁc  primers
and probes  against  rrh  and  viuB  were  used.  For
Vibrio parahaemolyticus,  the  tlh,  tdh,  trh,  and
ORF8 genes  were  used;  for  V.  cholerae,  the  ompU,
toxR, and  tcpI  genes  were  used;  and  for  the  El
Tor and  Classical  biotypes,  the  hlyA  gene  was
used. The  speciﬁcity  of  this  method  was  100%,
and the  diagnostic  limit  in  a  non-broth  culture  was
100—1000 CFU/ml  and  1  CFU/ml  in  a  broth  culture,
similar  to  the  weight  of  peal.  However,  we  used  the
ompW, ctxA  and  tcpA  genes  for  the  detection  of  V.
cholerae [13].
Gubala  detected  toxigenic  V.  cholerae  with  mul-
tiplex real-time  PCR  of  the  rtxA,  epsM,  tcpA  and
mshA  genes.  In  that  study,  the  tcpA  gene  was
not detected  in  non-O1  or  O1  serogroups.  None  of
those genes  were  ampliﬁed  from  non-Vibrio  strains,
demonstrating  the  speciﬁcity  of  the  primers.  How-
ever, in  this  research,  the  tcpA  gene  was  detected
in the  V.  cholerae  O1  and  non-O1  serogroups  [14].
RJ.F.  Mehrabadi  et  al.
Hoshino  and  colleagues  detected  toxigenic  Vib-
io O1  and  O139  with  multiplex  PCR  of  ctxA  and  rfb
n 121  patient  fecal  samples;  38  samples  were  posi-
ive, and  conﬁrmation  with  the  bacteriology  culture
ethod  showed  that  the  sensitivity  of  this  method
as 100%  and  the  speciﬁcity  was  95.5%.  Detection
n this  study  was  reported  for  65  CFU  V.  cholerae  O1
nd 200  CFU  O139  [15].
Dalsgaard  analyzed  the  virulence  of  V.  cholerae
ith the  PCR  ampliﬁcation  of  the  ctxA  and  tcpA
enes.  These  genes  were  present  in  V.  cholerae  non-
1 and  non-O139.  In  that  study,  the  ctxA  and  tcpA
enes were  detected  in  V.  cholerae  serogroup  O1
16].
In this  research,  ompW  was  used  to  detect
ll Vibrio  species.  Multiplex  PCR  was  applied  for
apid and  speciﬁc  detection.  This  method  detected
ibrio  containing  the  toxigenic  gene  and  was  spe-
iﬁc for  Vibrio  compared  with  other  Gram-negative
acteria. The  cholera  toxin  gene  was  speciﬁc  for
athogenic  V.  cholerae  strains,  and  tcpA  and  ompW
ere used  to  detect  all  V.  cholerae. The  assay  sen-
itivity was  determined  using  dilutions  of  bacterial
enomic  DNA,  and  its  speciﬁcity  was  determined
y testing  its  ampliﬁcation  of  genomic  DNA  from  S.
yphi, A.  hydrophila, Sh.  dysenteriae, and  ETEC.
he sensitivity  was  85  pg  for  multiplex  PCR  and
.0 pg  in  uniplex  PCR  for  the  ctxA  gene.
This method  was  able  to  detect  V.  cholerae  in
ater sources  and  food  in  a  short  time  frame.  Based
n the  results  of  our  study  and  those  of  previ-
us studies,  the  multiplex  PCR  method  is  an  ideal
pproach  for  the  rapid  detection  of  small  numbers
f bacteria.
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